18 The success of tree recruitment in Mediterranean Quercus ilex forests is threatened by the 19 increasing intensity, duration and frequency of drought periods. Seedling germination and 20 growth are modulated by complex interactions between abiotic (microhabitat conditions) and 21 biotic factors (mycorrhiza association) that may mitigate the impacts of climate change on tree 22 recruitment. To better understand and anticipate these effects, we conducted a germination 23 experiment in a long-term precipitation reduction (PR) field experiment where we monitored 24 seedling establishment and survival, micro-environmental conditions and ectomycorrhizal 25 (ECM) colonization by different mycelia exploration types during the first year of seedling 2 26 growth. We hypothesized that (i) the PR treatment decreases seedling survival relative to the 27 control with ambient conditions, (ii) the underlying mechanisms for seedling survival are better 28 understood with detailed information of microhabitat water and light availability irrespective 29 of the PR treatment, (iii) the PR treatment will favour the development of ECM exploration 30 types with drought-resistance traits such as differentiated rhizomorphs. Contrary to our first 31 hypothesis, seedling survival was lower in control plots with overall higher soil moisture.
2) Rainfall exclusion
3) Sowing, establishment and seedling growth 152 Acorns from 10 different maternal trees were collected in November 2017 in the surroundings 153 of the experimental site, outside of the precipitation reduction and control treatments. All acorns 154 were submitted to a flotation test in order to discard the ones aborted or damaged by insects or 155 fungi. All the viable acorns were weighted, numbered with a marker pen for identification, and 156 kept in a fridge at 4ºC in vermiculite substrate humidified with water for 3 weeks. Sowing was 157 done in December 2017, placing acorns 1 cm deep into the soil in the understory of the 158 experimental site. In order to prevent acorn predation, sowed acorns were enclosed in wire 159 cages of 40 × 30 × 30 cm. One acorn from each maternal tree was sowed in each cage, thus 160 totalling 10 acorns par cage. A total of 60 cages were randomly installed in areas not occupied 161 by stones (30 cages per treatment, 20 per block), so 600 acorns in total were used in the study.
162 Recruitment stages (germination, stem emergence and survival) were monitored monthly from 163 January 2018 to the end of November 2018 in all seedlings from all cages. Two metrics of 164 survival, and hence mortality, were considered in the study: survival from germination to the 165 collection of the seedlings after 11 months was considered as 'total survival' (S T ), and survival 166 from stem emergence to the collection of seedlings after 11 months was considered as 'survival 167 of emerged plants' (S EP ). Stem height was measured in all seedlings from all cages at the end 168 of the experiment in November 2018. At this time, all seedlings from half of the cages randomly 169 chosen (15 cages per treatment, 10 per block) were pulled out from the soil for ECM analysis 170 and biomass assessments. Aerial and belowground seedling parts were separated, the aerial 171 parts were oven-dried at 60° C until constant mass for biomass measurements, and belowground 172 parts were used for ECM assessments. 173 174
4) Microenvironmental conditions
175 Soil water content and light availability were measured several times during the one-year 176 experiment for each of the cages. Two measurements per cage were taken at two different 177 positions of the cage that were averaged to get the final value for both soil water content and 178 light measurements at each measuring time. Volumetric soil water content (SWC) was 179 measured six times in the year in the first 10 cm of soil with a portable TDR (Delta-T SM150 180 Soil Moisture kit, Cambridge, UK), and light availability was measured in Spring and Autumn 181 with a LAI-2200 Plant Canopy Analyser (LI-COR Biosciences, Lincoln, NE, USA). As the 182 plant or leaf area index over the cages could not be measured because of the shading from the 183 gutters installed in the plots, the canopy gap-fraction (GF) around a zenith angle of 38° was 184 used as an integrative proxy of the local light availability. Simultaneous measurements of 185 incident light above and below the canopy where taken with the LAI-2200, and the GF was 186 computed using the FV2200 2.1.1 software (LI-COR Biosciences). GF was preferred to a 187 simple ratio between the light below and above the canopy so as to avoid the confounding 188 effects due to differences of the solar angle or of the fraction of direct and diffuse light at the 189 time of measurement. 
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(2) =° 245 Similar to the microsite-specific SWC, we observed a large variability and an important overlap 246 of GF values between treatments, indicating highly different light conditions among 247 microhabitats (Fig 2) . The PR treatment, in which gutters are slightly tilted down and therefore 248 closer to cages, showed an overall lower average GF value compared to the Control (7% and 249 8.8%, respectively) (P = 0.02; Fig 2) . 2) Germination and survival 255 The proportion of germinated acorns increased with the initial seed resources (acorn fresh 256 biomass) (Table 1) but was not significantly affected by the precipitation reduction treatment 257 (PR), nor by any of the measured micro-environmental variables.
258 Table 1 . Fitted estimates and significance levels of linear mixed models of seedling germination, survival and growth. It 259 is tested the effects of precipitation reduction (PR) treatment, acorn fresh biomass (Acorn), gap fraction (GF), soil water content 260 (SWC) and their respective interactions on germination, total survival (S T ), survival of emerged plants (S EP ), height and shoot 261 biomass, contact ectomycorrhizal colonization (ECMc) and short + medium ectomycorrhizal colonization (ECMsm). R 2 m 262 represents the variance explained by fixed factors and R 2 c represents the variance explained by fixed and random factors. NA 263 = non applicable, as R 2 c cannot be computed for beta binomial distributions. *** for P<0.001, ** for P<0.01, * for P<0.05, + for 264 P<0.07. (Table 1 ; Fig 4C) . Heavier acorns with more initial seed resources were observed to 294 produce taller and heavier seedlings in both treatments (Table 1) . Shoot biomass was negatively 295 influenced by the soil moisture of the micro-sites, but it was not significantly impacted by the 296 PR treatment (Table 1 ; Fig 4D) . Contrary to soil humidity, light availability at the microsite 297 level did not have any influence on seedling growth (Table 1) .
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4) Ectomycorrhizal colonization and correlations with seedling
300 performance 301 Ectomycorrhizal colonization assessed as the proportion of mycorrhizal root tips per seedling 302 ranged from 61 to 100%. Overall, the proportion of contact exploration type (ECMc) was 303 slightly but not significantly lower in the PR treatment (-6.5%; Fig 5A) relative to the Control, 304 whereas the proportion of short and medium exploration types (ECMsm) was significantly 305 larger in the PR treatment compared to the Control (+59.7%; Fig 5B) . In terms of micro-306 environmental conditions, the colonization with ECMc was affected by the interaction between 307 soil moisture and light availability (Table 1; Fig 6A) ; the proportion of ECMc increased under 308 more optimal conditions with high SWC and light availability, but decreased with light 309 availability when SWC was low. The colonization of root tips with ECMsm was affected by 310 the interaction between acorn biomass and light availability (Table 1 ; Fig 6B) . ECMsm was 311 high for seedlings with low seed biomass, with a slight increase of proportions of ECMsm with 312 increasing light availability. In contrast, in seedlings originating from heavy acorns, ECMsm 313 decreased with increasing light availability. In other words, seedlings originating from heavy 314 seeds and growing with relatively favourable light availability, they recruited less ECMsm. (Table 1) . It is showed how the canopy gap 320 factor (GF), a proxy of light availability interacts with soil water content (SWC) and acorn biomass to affect the proportion of 321 mycorrhized root tips with (A) contact (ECMc) and (B) short and medium ectomycorrhizal (ECMsm) exploration types, per 322 individual n=129 (all plants from half of the cages).
323 When looking at the relationship between ECM colonization and seedling performance and 324 growth of emerged plants, we found that the proportion of ECMsm colonized root tips was 325 positively correlated with seedling survival and stem height, while the proportion of ECMc was 326 negatively correlated with shoot biomass (Table 2) .
327 1) The impact of the precipitation reduction treatment on 341 survival 342 Edaphic drought due to precipitation reduction is known to prevent or limit the success of Q.
343 ilex seedling recruitment at two important stages. First, acorns being desiccation-sensitive 344 seeds, they may lose their ability to germinate if they dehydrate during winter dry spells [33] .
345 Second, summer drought episodes that are characteristic of the Mediterranean climate, impose 346 severe plant water stress that can be readily lethal to young seedlings [12] . In our experiment, 347 the results showed that summer drought was the most important cause of mortality (Fig 3) , 348 thereby confirming the critical role of water stress in determining the success of seedling 349 establishment. Failure to germinate was the second cause of mortality (Fig 3) , being most likely 350 not caused by winter seed dehydration since the winter of 2018 was relatively wet (49% of the 351 mean annual precipitation was already fallen from January to March) and we kept the acorns in 352 humid conditions before sowing in order to maximize their chances of germinating. However, 353 in contrast to our first hypothesis, the total seedling survival (S T ) after 11 months was higher in 354 the PR treatment than in the Control with ambient conditions (Fig 4B) . Additionally, the 355 survival of emerged plants (S EP ) was higher for seedlings growing in soil microhabitats with 356 lower soil moisture. These two results indicate that, although summer drought was the main 357 cause of mortality in both treatments, the partial rain exclusion treatment did not further 358 increase seedling mortality. Instead, we found higher mortality in control plots during spring 359 and at the end of the summer drought. Although surprising, negative effects of higher soil 360 moisture conditions on seedling survival have been previously reported [34, 35] , and were 361 explained by sporadic water logging hampering radicle development and respiration.
362 Waterlogging does not readily occur at our study site because the rocky soil of the experimental 363 site (that includes over 70% calcareous stones), allows for a very fast water infiltration into the 364 deeper soil horizons even during very heavy rainfall events. Therefore, we argue that the higher 3) Effects of mycorrhiza exploration types on survival 415 The PR treatment favoured the root colonization of young seedlings with ECM 416 exploration types that have longer mycelia (short and medium exploration types, ECMsm) and 417 decreased the colonization with contact ECM (ECMc, Fig 5) . This is in line with our third 447 In terms of micro-environmental conditions, light availability was found to modulate ECM 448 colonization in interaction with soil moisture or initial seed mass depending on the type of 449 mycorrhiza exploration ( Fig 6) . Light had a negative effect on ECMc in drier microsites, but a 450 positive effect in more humid microsites. This is consistent with the hypothesis that light 451 modulates the soil drying through the evaporative demand, so that being under shadow in drier 452 soils could be beneficial to maintain soil humidity and thereby increase the chances of being 453 colonised by contact mycorrhiza that are more adapted to more humid soils. Besides, the 454 interactive effect of seed mass and light on ECMsm suggests that even root colonization by 455 mycorrhizae could be affected by the initial acorn resources, which is an aspect that, to the best 456 of our knowledge, has not been reported previously. 
